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Electronic modules and methods of fabrication are provided 
implementing a ?rst metalliZation level directly on a chips 
?rst chip layer. The chips-?rst layer includes chips, each With 
a pad mask over an upper surface and openings to expose chip 
contact pads. Structural dielectric material surrounds and 
physically contacts the side surfaces of the chips, and has an 
upper surface Which is parallel to an upper surface of the 
chips. A metalliZation layer is disposed over the front surface 
of the chips-?rst layer, residing at least partially on the pad 
masks of the chips, and extending over one or more edges of 
the chips. Together, the pad masks of the chips, and the 
structural dielectric material electrically isolate the metalli 
Zation layer from the edges of the chips, and from one or more 
electrical structures of the chips in the chips-?rst layer. 
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INTEGRATED STRUCTURES AND METHODS 
OF FABRICATION THEREOF WITH 
FAN-OUT METALLIZATION ON A 

CHIPS-FIRST CHIP LAYER 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims priority from US. Provi 
sional patent application Ser. No. 60/945,988, ?led Jun. 25, 
2007, entitled “Integrated Structures and Fabrication Meth 
ods Thereof Implementing a Cell Phone or Other Electronic 
System”, by Eichelberger et al., the entirety of Which is 
hereby incorporated by reference. 

TECHNICAL FIELD 

[0002] This invention relates in general to circuit structures 
and methods of fabrication thereof, and more particularly, to 
integrated structures and methods of fabrication thereof 
implementing a ?rst level metalliZation directly on a chips 
?rst chip layer. 

BACKGROUND OF THE INVENTION 

[0003] The conventional approach to electronic packaging 
and interconnect has been to package individual integrated 
circuit (IC) chips into a single package and to attach these 
packages to a printed circuit board to provide interconnect 
betWeen the individual IC chips. In recent years, this 
approach has met With problems of speed, siZe and intercon 
nect density due to ever-constant demands for reduced siZe 
and increased performance from such integrated circuit pack 
ages. 
[0004] Process speed is conventionally limited by the fact 
that individual packages have loading capacitance and induc 
tance associated With their relatively long pins and by the 
large siZe of conductor runs in the packages relative to the siZe 
of the conductors of a bare IC chip.As the speed of computers 
and other devices continues to increase, the problem of pro 
viding electronic packaging and interconnect Which provides 
maximum performance has become a signi?cant challenge. 
One solution to the problem is the multichip module (MCM). 
In an MCM, bare (unpackaged) IC chips are interconnected 
by means of a miniature printed circuit board Whose inter 
connect pitch may match the pitch of the IC chips themselves. 
There are presently tWo main classes of MCM. These are the 
chips-last MCM and the chips-?rst MCM. In the chips-last 
MCM, the miniature circuit board is fabricated ?rst and then 
the bare IC chips are attached and interconnected to the circuit 
board. The method of interconnect is usually Wire-bond or 
solder bump. In the chips-?rst MCM, the chips are placed ?rst 
relative to each other and a miniature circuit board is then 
built above the chips. The interconnect is formed to the IC 
chips as an integral part of the processing of the circuit board. 
[0005] Structures in accordance With the present invention 
fall into the category of chips-?rst MCMs. Chips-?rst MCMs 
provide one Way to minimize siZe of a multichip module and 
provide high performance interconnect. Examples of chips 
?rst modules are given in US. Pat. Nos. 5,250,843; 5,353, 
498; and 5,841,193, each of Which is hereby incorporated 
herein by reference in its entirety. 
[0006] In a chips-?rst structure, the front surface of the chip 
layer is conventionally covered by a dielectric layer, Which is 
patterned With via holes exposing contact pads on the upper 
surfaces of the chips of the chip layer. A metalliZation is then 
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applied and patterned to make electrical contact to the contact 
pads and form the interconnect. As a further step, a solder 
mask may be provided above the dielectric layer With open 
ings to expose the metalliZation layer, and solder bumps 
added to provide an electrical interconnect means for con 
necting the electronic module to, for example, a printed cir 
cuit board. In all cases, the dielectric layer is utiliZed over the 
chips-?rst structure, With multiple via openings to the chips’ 
contact pads. 
[0007] One problem With this approach is that a tight pad 
pitch can be dif?cult to connect to When employing a dielec 
tric layer With multiple via openings to interconnect the chips 
of the chips-?rst layer. This is because the dielectric layer is 
relatively thick, and the resolution ability of the dielectric 
may prevent making the desired via hole pitch. Also, any 
resist that is used to pattern the metalliZation layer must also 
?ll the via hole. This increases the effective thickness of the 
resist, and makes patterning the metal layer more dif?cult 
than if the Whole assembly Was essentially planar. 
[0008] Another problem With the above-described chips 
?rst interconnect approach is that lithography steps in the 
process are among the most expensive to perform, and have 
the greatest impact on process yield. In high volume packag 
ing, feWer lithography steps translates directly into loWer 
cost. In the existing approach, the ?rst interconnect layer is 
formed by patterning individual via holes in the dielectric 
layer, and then patterning the metalliZation. Each of these 
patterning steps requires at least one lithography step. 

SUMMARY OF THE INVENTION 

[0009] Brie?y summarized, this invention comprises, in a 
?rst aspect, an electronic module Which includes: a chip layer 
including at least one chip comprising at least one side sur 
face, an upper surface, a loWer surface, at least one contact 
pad at the upper surface, and a pad mask over the upper 
surface With at least one opening therein exposing the at least 
one contact pad at the upper surface; a structural material 
surrounding and physically contacting the at least one side 
surface of each chip of the at least one chip of the chip layer, 
the structural material having an upper surface substantially 
co-planar With or parallel to an upper surface of the at least 
one chip, and de?ning at least a portion of a front surface of 
the chip layer, and a loWer surface substantially co-planar 
With or parallel to a loWer surface of the at least one chip and 
de?ning at least a portion of a back surface of the chip layer, 
and Wherein the structural material comprises a dielectric 
material; and a metalliZation layer disposed over the front 
surface of the chip layer, the metalliZation layer residing at 
least partially on the structural material and at least partially 
on the pad mask of the at least one chip, and extending over at 
least one edge of the at least one chip, and Wherein the pad 
mask of the at least one chip of the chip layer and the struc 
tural material of the chip layer electrically isolate the metal 
liZation layer from the at least one edge of the at least one chip 
and from one or more electrical structures of the at least one 

chip. 
[0010] In another aspect, the invention comprises an elec 
tronic module Which includes: a chip layer including at least 
one chip comprising at least one side surface, an upper sur 
face, a loWer surface, at least one contact pad at the upper 
surface, and a pad mask over the upper surface With at least 
one opening therein exposing the at least one contact pad at 
the upper surface; a structural material surrounding and 
physically contacting the at least one side surface of each chip 
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of the at least one chip of the chip layer, the structural material 
having an upper surface substantially co-planar With or par 
allel to an upper surface of the at least one chip, and a loWer 
surface substantially co-planar With or parallel to a loWer 
surface of the at least one chip and de?ning at least a portion 
of the back surface of the chip layer; an edge protect layer 
disposed over at least a portion of the structural material, and 
de?ning at least a portion of a front surface of the chip layer, 
Wherein the edge protect layer comprises a dielectric material 
Which extends over a portion of the pad mask of the at least 
one chip at at least one edge thereof, and Wherein a majority 
of the pad mask of the at least one chip of the chip layer is 
exposed, being uncovered by the edge protect layer; and a 
metalliZation layer disposed over the front surface of the chip 
layer, the metalliZation layer residing at least partially on the 
pad mask of the at least one chip, extending over the at least 
one edge of the at least one chip, and residing at least partially 
on the edge protect layer, and Wherein the edge protect layer, 
the structural material, and the pad mask electrically isolate 
the at least one edge of the at least one chip, and one or more 
electrical structures of the at least one chip, from the metal 
liZation layer. 
[0011] Methods of fabricating the above-summarized elec 
tronic modules are also described and claimed herein. 
[0012] Further, additional features and advantages are real 
iZed through the techniques of the present invention. Other 
embodiments and aspects of the invention are described in 
detail herein and are considered a part of the claimed inven 
tion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] The subject matter Which is regarded as the inven 
tion is particularly pointed out and distinctly claimed in the 
claims at the conclusion of the speci?cation. The foregoing 
and other objects, features, and advantages of the invention 
are apparent from the folloWing detailed description taken in 
conjunction With the accompanying draWings in Which: 
[0014] FIG. 1 is a cross-sectional elevational vieW of one 
embodiment of a conventional chips-?rst electronic module; 
[0015] FIG. 2 is a cross-sectional elevational vieW of an 
alternate embodiment of a conventional chips-?rst electronic 
module; 
[0016] FIG. 3A is a cross-sectional elevational vieW of a 
glass alignment plate With a UV-opaque mask pattern 
employed in fabricating an electronic module, in accordance 
With an aspect of the present invention; 
[0017] FIG. 3B is a cross-sectional elevational vieW of the 
structure of FIG. 3A, after disposition of a UV-release adhe 
sive and a polyester ?lm over the glass plate, in accordance 
With an aspect of the present invention; 
[0018] FIG. 3C is a cross-sectional elevational vieW of the 
structure of FIG. 3B, after formation of an optional metal 
structure over the polyester ?lm, in accordance With an aspect 
of the present invention; 
[0019] FIG. 3D is a cross-sectional elevational vieW of the 
structure of FIG. 3C, after disposition of a UV-curable chip 
attach adhesive over the polyester ?lm, in accordance With an 
aspect of the present invention; 
[0020] FIG. 3E is a cross-sectional elevational vieW of the 
structure of FIG. 3D, after placement of multiple chips onto 
the UV-curable chip attach adhesive, curing of the adhesive, 
and plasma etching of the resultant structure to remove 
uncured chip attach adhesive, in accordance With an aspect of 
the present invention; 
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[0021] FIG. 3F is a cross-sectional elevational vieW of the 
structure of FIG. 3E, after disposition of a structural material 
over the polyester ?lm and surrounding the chips, in accor 
dance With an aspect of the present invention; 
[0022] FIG. 3G is a cross-sectional elevational vieW of a 
structure comprising a permanent process carrier, bonding 
adhesive and a temporary process carrier, employed in fabri 
cating an electronic module, in accordance With an aspect of 
the present invention; 
[0023] FIG. 3H is a cross-sectional elevational vieW of the 
structures of FIGS. 3F & 3G, after inverting the structures and 
bonding the permanent process carrier to the back surface of 
the chip layer, in accordance With an aspect of the present 
invention; 
[0024] FIG. 3I is a cross-sectional elevational vieW of the 
structure of FIG. 3H, after removal of the glass alignment 
plate, polyester ?lm and cured chip attach adhesive over the 
pad masks of the chips, in accordance With an aspect of the 
present invention; 
[0025] FIG. 3] is a cross-sectional elevational vieW of the 
structure of FIG. 3I, after disposition of a patterned metalli 
Zation layer over the front surface of the chip layer, producing 
one embodiment of an electronic module, in accordance With 
an aspect of the present invention; 
[0026] FIG. 3K is a cross-sectional elevational vieW of the 
structure of FIG. 3], subsequent to disposition of an optional 
?rst level dielectric layer over the front surface of the chip 
layer, including over the patterned metalliZation layer 
thereon, and providing a second level metalliZation layer 
extending at least partially Within patterned vias in the ?rst 
level dielectric layer, in accordance With an aspect of the 
present invention; 
[0027] FIG. 4A is a top plan vieW of one embodiment of a 
?rst level fan-out metalliZation con?guration achievable With 
the electronic module of FIG. 3], in accordance With an aspect 
of the present invention; 
[0028] FIG. 4B is a cross-sectional elevational vieW of the 
structure of FIG. 4A, taken along line 4B-4B, and illustrating 
provision of a solder mask over the structure of FIG. 3], and 
provision of input/ output solder bumps Within patterned 
openings in the solder mask, in accordance With an aspect of 
the present invention; 
[0029] FIG. 5A is a cross-sectional elevational vieW of the 
structure of FIG. 4B, after partially cutting through the struc 
ture during processing to produce single-chip electronic mod 
ules, in accordance With an aspect of the present invention; 
[0030] FIGS. 5B & 5C illustrate the structure of FIG. 5A 
after removal of the temporary process carrier, With FIG. 5B 
illustrating one embodiment of a chips-?rst electronic mod 
ule containing a single chip, and FIG. 5C illustrating another 
embodiment of a chips-?rst electronic module containing a 
single chip, in accordance With an aspect of the present inven 
tion; 
[0031] FIG. 6A is a cross-sectional elevational vieW of an 
alternate embodiment of the structure of FIG. 4B, after par 
tially cutting through the structure during processing to pro 
duce single-chip electronic modules (Wherein the structural 
material is suf?ciently thick to omit the permanent process 
carrier employed in the embodiment of FIGS. 5A-5C), in 
accordance With an aspect of the present invention; 
[0032] FIGS. 6B & 6C illustrate the structure of FIG. 6A 
after removal of the temporary process carrier, With FIG. 6B 
illustrating one embodiment of a chips-?rst electronic mod 
ule containing a single chip, and FIG. 6C illustrating another 
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embodiment of a chips-?rst electronic module containing a 
single chip, in accordance With an aspect of the present inven 
tion; 
[0033] FIG. 7A illustrates an alternative structure produced 
from the structure of FIG. 3E by the application of a precoat 
layer, in accordance With an aspect of the present invention; 
[0034] FIG. 7B is a cross-sectional elevational vieW of the 
structure of FIG. 7A, after disposition of a structural material 
?lling the space betWeen the chips of the chips-?rst layer, in 
accordance With an aspect of the present invention; 
[0035] FIG. 8A depicts a further alternate embodiment of 
an intermediate chips-?rst structure, Wherein the structural 
material has an upper surface substantially co-planar With or 
loWer than the upper surfaces of the chips of the chips-?rst 
layer, in accordance With an aspect of the present invention; 
[0036] FIG. 8B is a cross-sectional elevational vieW of the 
structure of FIG. 8A, after disposition of an edge protect layer 
over the structural material, including over the pad masks of 
the chips of the chip layer, to protect the edges thereof, in 
accordance With an aspect of the present invention; and 
[0037] FIG. 8C is a cross-sectional elevational vieW of the 
structure of FIG. 8B, after disposition of a metalliZation layer 
over the edge protect layer and the pad masks of the chips, 
producing an alternate embodiment of an electronic module, 
in accordance With an aspect of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

[0038] Generally stated, provided herein are numerous 
enhancements to multichip modules, and in particular, to 
chips-?rst multichip modules. Advantageously, described 
herein are structures and fabrication methods of a chips-?rst 
electronic module, Wherein a ?rst level metalliZation is 
applied directly to the front surface of the chips-?rst layer, 
Without ?rst applying a dielectric layer over the chips-?rst 
layer. Further, provided herein are structures and methods of 
fabrication Which provide a chips-?rst electronic module 
With a fan-out metalliZation, Where lithography steps are 
minimized, and only one lithography step is used for the 
fan-out metalliZation. In another aspect, structures and meth 
ods of fabricating a multi-layer, chips-?rst electronic module 
are described beloW, Wherein a ?rst level metalliZation is 
applied and patterned before a ?rst level dielectric layer is 
applied to the chips-?rst structure. The electronic modules 
and methods of fabrication described herein provide inter 
connect to a tight pad pitch, such as associated With today’s 
integrated circuit chips, Without the propensity for shorting to 
adjacent pads. This is accomplished by using the existing pad 
mask of a bare integrated circuit chip, as Well as the surround 
ing structural material of the chips-?rst layer, to prevent 
shorting to adjacent pads, and to isolate other components of 
the chip as described herein. The electronic modules and 
methods of fabrication described beloW are single chip or 
multichip, chips-?rst modules. 
[0039] Reference is noW made to the draWings, Wherein the 
same reference numbers used throughout different ?gures 
designate the same or similar components. 
[0040] FIGS. 1 & 2 illustrate generic chips-?rst modules, 
incorporating the salient features of the existing art. In FIG. 1, 
chips-?rst module 100 is shoWn, While in FIG. 2, chips-?rst 
module 200 is shoWn.As illustrated, at least one chip 102, 202 
is held in alignment in some Way, for example, either by 
attaching chip 102 to a substrate 104 via an adhesive layer 
105, or by surrounding chip 202 With a structural material 206 
(also referred to herein as a ?ller/encapsulant). During fabri 
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cation, a dielectric layer 1 08, 208 is then applied over the front 
surface of the chip layer and vias 110, 210 are formed in the 
dielectric layer doWn to chip pads 112, 212 of chips 102, 202. 
A ?rst level metalliZation layer 120, 220 is then applied and 
patterned to make contact to the chip pads and form an inter 
connect. A solder mask 140, 240 can be provided With open 
ings to expose the metalliZation layer 120, 220, and solder 
bumps 150, 250 are then applied to provide an electrical 
interconnect means for interconnecting the electronic module 
to, for example, a printed circuit board. 
[0041] FIGS. 3A-3K illustrate methods for fabricating 
electronic modules, in accordance With aspects of the present 
invention. 
[0042] Referring ?rst to FIG. 3A, in one embodiment of a 
fabrication approach, an alignment plate 310 is utiliZed. 
Details of the use of an alignment plate are provided in US. 
Pat. No. 7,122,467 B2, Which is hereby incorporated herein 
by reference, and in the above-incorporated US. Provisional 
Patent Application Ser. No. 60/945,988, entitled “Integrated 
Structures and Fabrication Methods Thereof Implementing a 
Cell Phone or other Electronic System”. As illustrated in FIG. 
3A, alignment plate 310 includes, in one embodiment, a glass 
plate 312 and a UV-opaque mask pattern 314 on one side 
thereof. The glass plate and mask are reusable, With the for 
mation of the UV-opaque mask pattern being Well knoWn in 
the art for making so-called glass masks used in semiconduc 
tor and other lithographic processing. 
[0043] In FIG. 3B, a polyester ?lm 316 coated With a UV 
release adhesive 318 has beenbonded to the side of glass plate 
312 With UV-opaque mask pattern 314. As one example, 
UV-release ?lm 318 is an AdWill D218 ?lm available from 
Lintec of Tokyo, Japan. Before continuing, the release ?lm 
can be exposed to UV light to reduce the adhesion of the ?lm. 
Although exposure of the tape is normally intended to release 
the tape, the residual adhesion is not Zero and is su?icient for 
the subsequent processing steps described herein. Further, the 
cured tape can undergo relatively high temperature process 
ing Without the release adhesive bubbling under the polyester 
?lm. 

[0044] In an optional embodiment, a pattern of metalliZa 
tion 324 (FIG. 3C) can be provided on polyester ?lm 316 at 
this point in the process. The purpose of this metalliZation is 
to provide conductive structures 324 in the encapsulant ?ller 
material (see FIG. 3F) for establishing, for example, through 
connects, Faraday shields, thermal conduits and/ or loW 
inductance containers for the chips. Details of the application 
of metal and fabrication of these structures are provided in the 
above-incorporated US. Provisional Patent Application 
entitled “Integrated Structures and Fabrication Methods 
Thereof Implementing a Cell Phone or Other Electronic Sys 
tem”. The illustrated pattern can be used to form a through 
connect through the subsequently formed structural material 
(i.e., encapsulant/?ller). 
[0045] Referring to FIG. 3D, a chip attach adhesive 328 is 
next applied to the exposed side of the UV-release tape, that 
is, to the exposed side of polyester ?lm 316. This adhesive is, 
in one embodiment, an adhesive that can be cured by UV 
light. Details of using UV-release tape and UV-curable adhe 
sive are provided in US. Pat. No. 7,112,467 B2, the entirety 
of Which is hereby incorporated herein by reference. The 
adhesive can be spray coated onto the UV release ?lm and 
dried of solvent at 50-750 C. for a period of 30 minutes in a 
forced hot air oven. By Way of speci?c example, thickness of 
the UV-curable chip attach adhesive might be 3 to 6 microns. 
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Referring to FIG. 3E, chips 330 and 332 are next placed face 
doWn into the UV curable adhesive 328 on polyester ?lm 316. 
Note that the masking pattern 314 openings align With the 
placement of the chips. 
[0046] Additionally, the masking pattern can have features, 
not shoWn, that aid pick and place equipment in accurately 
placing the chips. The UV-curable chip attach adhesive 328 is 
irradiated from the glass 312 side using a collimated UV 
source (not shoWn). The area under the chips is exposed While 
the area aWay from the chips remains unexposed. The adhe 
sive is then developed in a spray developer using propanol as 
the developer. This removes the adhesive everyWhere except 
under the chips 330, 332. The positioning and siZe of the mask 
openings are such that a small area around the edge of each 
chip is also removed by the developer. It can be seen that each 
chip is noW face doWn on a small pedestal formed by the 
exposed chip attach adhesive 328. It is desirable to clean and 
prime the chip before applying the structural material (i.e., the 
?ller/encapsulant) so that the adhesion of the ?ller/encapsu 
lant to the chips is enhanced. A suitable plasma etch condition 
is 6 minutes at 400 W in a barrel etcherusing 30% CF4/O2 gas. 
This cleans all exposed surfaces of the chips including the 
area around the edges of the chips. It also removes a small 
amount of the polyester ?lm 316, increasing the height of the 
resultant pedestal. As shoWn in FIG. 3F, a dielectric ?ller/ 
encapsulant 336, such as a liquid epoxy resin, is added to the 
assembly to cover all exposed surfaces on the back. To 
increase strength and improve the expansion match of the 
?ller/encapsulant to that of the silicon chips, the ?ller/encap 
sulant can be loaded With an inert poWder such as alumina or 
glass particles. The ?ller/encapsulant can be poured or dis 
pensed onto the alignment carrier, or the alignment carrier 
may be covered at its outer edges or other locations on the 
carrier With a mold form and injection molded, or covered 
With a frame and frame molded. 

[0047] In one embodiment, the ?ller/encapsulant is dis 
pensed by a liquid dispensing machine such as a Cam-A-Lot 
Dispensing Machine available from Cam-A-Lot Division of 
Cookson Electronic Equipment located in Franklin, Mass. 
The dispensing machine accurately dispenses the relatively 
high viscosity loaded epoxy to the edge of the alignment 
carrier. The viscosity keeps the ?ller/encapsulant from How 
ing off the carrier. This eliminates the need for molds or 
frames in the fabrication process. Alternatively, a mold may 
be used if it is required to contain the ?ller/encapsulant in 
cases Where viscosity is loW or Where injection molding is 
used. Epoxy Molding Compound or Under?ll Material suit 
able for this application is also available from Cookson Elec 
tronics-Semiconductor Products of SuWanee, Ga. 
[0048] In one embodiment, a tWo-part epoxy system is 
used, Which can be cured at or near room temperature. The 
epoxy is ?lled, in one embodiment, With approximately 80 
Weight percent of alumina poWder. 
[0049] The epoxy is alloWed to cure at loW temperature so 
that no expansion effects impact stress and initial alignment 
of the chips. The cured ?ller/encapsulant is then lapped or 
ground to the appropriate thickness. The ?ller/encapsulant 
and chips are thinned to a minimum thickness. This thickness 
is currently in the range of 50 to 100 microns. It is possible to 
go thinner than that thickness, but there is a tradeoff betWeen 
lapping/grinding speed and ?nal chip thickness. It is Well 
knoWn that there is typically damage beneath the exposed 
surface layer that is proportional to the lapping or grinding 
grit siZe. HoWever, a ?ner grit Would result in a longer lap 
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ping/ grinding time. Noting that the chips are rigidly held by 
the alignment carrier, there is little penalty in going very thin 
except the economy of lapping/ grinding more sloWly or using 
multiple grit siZes. There are presently automated grinders 
available that have a ?ne and coarse grinding Wheel in the 
same system. Such a system is the Disco DFM2700 and the 
Disco DFG8560 available from DISCO Corporation of 
Tokyo, Japan. Tapes for the process are available from Lintec 
Corporation of Tokyo, Japan or Mitsui ICROS of Tokyo, 
Japan. Lapping/ grinding exposes the conductive through 
structures 324 for further processing. Alternatively, if the 
chips are adequately thinned before application of the ?ller/ 
encapsulant, then the ?ller/encapsulant can be lapped/ ground 
to a thickness that is greater than the chips, but still exposes 
the through connects and other conductive through features. 
Practical molding techniques could also achieve this Without 
a lapping/ grinding step to thin the ?ller/encapsulant. 
[0050] FIG. 3F shoWs both ofthese cases in cross section in 
the same multichip layer. Note that chip 1 330 is thinner than 
the ?nal thickness of the ?ller/encapsulant 336. The ?ller/ 
encapsulant covers the back of this chip as Well as the sides. 
The area of encapsulant that is thicker than chip 1 is denoted 
338. Chip 2 332 is thinned during lapping of ?ller/encapsu 
lant 336, and thereby is the same thickness as the ?ller/ 
encapsulant, so that ?ller/encapsulant only contacts the sides 
of this chip. Note also that through connect 324 is uncovered 
by the lap/grind operation so that electrical or thermal con 
nection may be made to this type of conductive through 
structure. While the example embodiment illustrates only tWo 
chips, it Will be appreciated by those skilled in the art that 
generally an entire panel of chips may be processed at a time 
to take advantage economy of scale. Also, note that the term 
“chip” is meant to encompass all manner of semiconductor, 
resistor, capacitor, inductor, conductive slug, electronic or 
optoelectronic device that may be accommodated by the pro 
cessing described herein. It is also understood that both single 
and multiple chip modules are included in the scope of the 
present invention as de?ned by the appended claims. 

Attaching Process Carrier and Initiating Processing on Upper 
Surface: 

[0051] It should be noted that additional processing on the 
back surface of the module can be accomplished as disclosed 
in the above-incorporated US. Provisional Patent Applica 
tion Ser. No. 60/945,988, entitled “Integrated Structures and 
Fabrication Methods Thereof Implementing a Cell Phone or 
Other Electronic System”. Any of the structures fabricated on 
the back surface of the modules disclosed therein could also 
be accomplished in combination With the electronic module 
structures described herein. In the interest of brevity, this 
disclosure focuses on the process steps employed to achieve a 
?rst level patterned metalliZation interconnect directly above 
the chips Without the requirement, as taught in the prior art, of 
?rst applying a ?rst level dielectric layer and forming indi 
vidual via holes therein. 
[0052] Continuing With the ?gures, and as illustrated in 
FIGS. 3G & 3H, a process carrier (if desired) can next be 
attached to the back of the module. This process carrier, 
Which gives stiffness to the assembly When the chips and ?ller 
are very thin, may be a permanent stiffener that is left in place 
after processing is complete (e. g., to give stiffness to the 
module) or it may be removed at the end of processing. In 
either case, the process carrier also serves another useful 
function. Before the process carrier is attached to the back of 
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the assembly the chips are held in exact alignment by the 
alignment carrier. If the process carrier is attached before the 
assembly is removed from the alignment carrier, then the 
process carrier Will continue to hold the chips in alignment. If 
the assembly is removed before the process carrier is 
attached, then shrinkage of the encapsulant/?ller Will tend to 
move the chips relative to one another and impact the exact 
alignment. The greatest impact is in the area of lithography 
Where alignment Would otherWise be affected to the extent 
that large panels could not be accurately aligned and exposed 
using a single alignment for the entire panel. This could 
signi?cantly effect the throughput economics of the lithogra 
phy steps of the process. As an alternative embodiment, if the 
?ller/encapsulant is strong enough to stand on its oWn through 
out the processing, then no process carrier is attached to the 
back of the assembly. This has the advantage that no process 
carrier is required and the cost of the process carrier and its 
attachment are eliminated, although the precision alignment 
might be effected. Steppers are noW available that may be 
used to perform multiple alignments and exposures over the 
panel to partially compensate for the shrinkage caused mis 
alignment. 
[0053] FIG. 3G shoWs one embodiment of a process carrier 
that includes tWo parts: a temporary process carrier 342, to 
hold the assembly rigidly during processing, and a thin per 
manent process carrier or substrate 346,Which is con?gured 
and siZed to give a suf?cient rigidity to the individual result 
ant modules. Temporary process carrier 342 is adhesively 
bonded With an adhesive 344 to thin permanent process car 
rier 346. As explained beloW, at the end of processing, the 
temporary carrier is separated from the permanent process 
carrier leaving the permanent carrier as a thin substrate for the 
individual modules. It should be understood that if the entire 
process carrier is to be removed, then the tWo part process 
carrier Would not be necessary and the process carrier might 
include the temporary process carrier only. 
[0054] Details on attaching a process carrier may be found 
in the above-incorporated US. Provisional Patent Applica 
tion Ser. No. 60/945,988, entitled “Integrated Structures and 
Fabrication Methods Thereof Implementing a Cell Phone or 
Other Electronic System”. In this provisional application, the 
process carrier and alignment assembly are taped into frames. 
These pieces are then placed in a laminating ?xture such that 
excess adhesive is contained by the tape, and the alignment 
carrier assembly and process carrier are held in alignment 
during the attachment process. FIG. 3H shoWs the resultant 
structure With the process carrier 346, 344, 342 attached to the 
alignment carrier 312, 316 (holding the integrated structures 
330, 332) via adhesive 348. 
[0055] The alignment carrier is next separated from the 
partially processed chips-?rst base, as illustrated in FIG. 31. 
Note that the UV-release tape has already been exposed to UV 
energy and therefore has minimal adhesion to the glass plate 
With the UV-opaque mask pattern on one side. The alignment 
carrier can be easily removed by prying from a corner. Mod 
erate heating of the assembly at this point aides the removal 
process as it slightly softens the adhesive and makes separa 
tion easier. Additionally, the removal process is aided by 
making the process carrier slightly smaller than the alignment 
carrier. This prevents any adhesive squeezed out during the 
lamination operation from adhering to the alignment carrier 
edges. If the adhesive does contact the edge of the alignment 
carrier it bonds the tWo carriers at the edges and hampers 
separation. The separation occurs at the UV-release adhesive 
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to alignment carrier glass interface and therefore leaves the 
UV-release ?lm attached to the top of the partially processed 
chips-?rst module. At this point, a comer of the ?lm is 
engaged and peeled in a 90 degree peel. This process Works 
because of the difference betWeen the adhesion of the ?lm 
over an area and the adhesion of the ?lm When peeled. It 
should be noted that the adhesion is quite suf?cient to holdthe 
chips in accurate position due to high shear capability of a thin 
glue line over the area of the chips. When a 90 degree peel is 
initiated, the adhesive gives up readily as the adhesive force of 
the very thin adhesive is spread over a concentrated area of the 
bend point of the peel. 
[0056] Any residual adhesive left on the chips is noW 
cleaned off. The ?rst step in this process is to soak the struc 
ture in acetone, Which lifts the cured adhesive ?lm from the 
tops of the chips. The second step is a light plasma etch, With 
either 02 or OZ/CF4 (30/70) to remove any residual adhesive 
that Was not removed by the acetone soak. A ?nal step is 
cleaning by Wet processing (heated surfactant and DI Water) 
Which removes any residual ions such as sodium and chloride 
from the surface of the chips. FIG. 31 shoWs a cross-sectional 
vieW of the chips-?rst base ready for application of the inter 
connect layer(s). Note that the entire edge of each chip 330, 
332 is covered by the ?ller/encapsulant 336, and only a small 
portion of the upper surfaces of the chips (around the edges 
thereof) is covered by the ?ller/encapsulant 336. Note further 
that the chips’ pad masks 352 provide an insulating layer 
above the chips and provides access to the individual pads 354 
of the chips. When IC chips are fabricated, they are provided 
With a passivation layer on the top surface of the chip that 
mechanically and electrically protects the chips. This passi 
vation layer is provided With openings to the contact pads of 
the chips, and this passivation layer With openings is referred 
to in this description as a pad mask. For the purpose of this 
disclosure, a pad mask is any layer that is applied to the 
surface of the chips before they are placed into a chips-?rst 
module, and Which provides dielectric insulation of the chips 
and alloWs access to the contact pads of the chips. This layer 
is typically applied by the chip manufacturer before the Wafer 
is diced into individual chips, but for this discussion, may 
alternatively be applied after dicing, thereby potentially coat 
ing both the top surface and a portion of the edges/ sides of the 
chip. 
[0057] At this point (in prior art structures not employing a 
?ller/encasulant con?gured as described above), a ?rst level 
dielectric Would be applied and via holes patterned above 
individual chip pads. The ?rst level dielectric layer conven 
tionally serves to prevent shorting of subsequent metalliZa 
tion at the edges of the chips. After application of the dielec 
tric layer, metalliZation Would be applied and patterned to 
form the ?rst level interconnect layer. In accordance With an 
aspect of the present invention, hoWever, the complete cov 
erage of the chip edge by the ?ller/encapsulant 336 prevents 
shorting of a subsequently applied ?rst level metalliZation at 
the edges of the chips, and the pad masks 352 already on the 
chips 330, 332 prevent shorting of the metalliZation to elec 
trical structures of the chips. 

[0058] In one embodiment, ?rst level metalliZation is sput 
tered onto the chips 330, 332 and the encapsulant/?ller 336. 
Sputtering is Well knoWn in the art and includes the steps of 
back-sputtering in order to clean the surface, remove insulat 
ing oxide on the chip pads, and improve adhesion of the metal 
layers. This is folloWed, in one embodiment (and Without 
breaking vacuum), by sputtering a thin layer of titanium for 



US 2008/0315391 A1 

adhesion, followed by a seed layer of copper. The titanium 
thickness may be 200 angstroms and the copper thickness 
4000 angstroms. A resist layer is then coated over the sput 
tered copper, and the resist is exposed and developed. Resist 
materials With excellent aspect ratio are Well knoWn in the art, 
and include, for example, AZP 4620 (a positive resist avail 
able from AZ Electronic Materials of Somerville, NJ.) and 
BPR 100 (a negative resist available from Shipley of Marl 
borough, Mass., noW part of Rohm and Haas, of Philadelphia, 
Pa.). The resist is patterned With openings Where the copper 
interconnect runs are desired. The copper is then electro 
plated to a thickness required by subsequent processing steps. 
A thickness of 6 to 12 microns may be used. The resist is 
removed by methods Well knoW in the art, and depending on 
Whether a positive or negative resist is used. The sputtered 
copper and titanium is removed by etching the copper in 
ammonium persulfate and etching the titanium in a CF4/O2 
(95/5) Reactive Ion Etch Plasma. 
[0059] Alternatively, an argon ionplasma may be used. The 
plasma is preferred to Wet chemical etching of the titanium 
since it is very accurately controlled and Will do minimal 
damage to the aluminum pads and pad masks of the chips. 
This is especially true if the metaliZation pattern is made 
smaller than the opening of the pad masks. The making of the 
metaliZation pattern smaller than the pad mask’s openings 
alloWs improved resolution and less sensitivity to slight mis 
alignment of the chips. It should be noted that the pad mask on 
small pad pitch chips involves relatively large openings for 
probing and Wirebonding With minimal space betWeen adja 
cent pad openings. Copper metaliZation is noW common in 
high performance chips. 
[0060] Frequently, the pads of the chips include copper 
With a layer of aluminum to alloW for improved Wirebonding. 
This is not required in the structures described herein, and 
bare copperpads may be used. In the case of bare copperpads, 
if the seed copper etch step damages the pads, the thickness of 
the titanium layer may be increased (for example) to 1000 
angstroms to protect the copper pads on the chip. It should 
also be noted that no damage to the pads Will occur if the pad 
mask is framed by the metalliZation pad, but this may signi? 
cantly increase sensitivity to misalignment. This discussion is 
intended to identify some of the options and advantages that 
are afforded by structures fabricated in accordance With 
aspects of the present invention. The ability to pattern the ?rst 
interconnect layer Without deep vias through a dielectric 
alloWs for ?ner resolution, Which is important in making 
interconnection to ?ne pitch chips. 
[0061] FIG. 3] illustrates a cross-sectional vieW ofan elec 
tronic module, in accordance With an aspect of the present 
invention. As shoWn, the module includes a ?rst level pat 
terned (e.g., copper) interconnect layer 356 disposed on ?ller/ 
encapsulant 336 and pad mask 352, and making connection to 
the contact pads 354 of the chips 330, 332. 
[0062] In an alternative embodiment for achieving a pat 
terned ?rst level metalliZation, the metal layer may be sput 
tered as described above, but this time the copper is sputtered 
to a thicker layer, for example, in the range of 1 to 3 microns. 
Resist is applied and patterned to leave resist in the area Where 
the metalliZation pattern is desired. The copper is then etched 
aWay using the resist as an etch mask. The etching of copper 
to form patterns is Well knoWn in the art. The resist is stripped 
as described above and the titanium is etched as Well, as 
described above. This process results in thinner copper than 
the plating approach, and utiliZes slightly feWer steps. As 
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described above, the titanium protects chip circuitry that is 
sensitive to copper etchant. The titanium is etched by Well 
controlled processes that present little attack to the bond pads 
and pad mask. Once again, the end result is a patterned inter 
connect 356 covering the ?ller/encapsulant 336 and pad mask 
352 on the chips and making connection to the contact pads 
354 ofthe chips 330, 332, as illustrated in FIG. 3]. 

Multiple Metal Layer Structures: 

[0063] In addition to single metal layer structures, the con 
cepts disclosed herein may be used as the base for a multiple 
metal layer structure. In the exemplary embodiment of FIG. 
3K, a ?rst level dielectric layer 358 is coated over the ?rst 
level metal layer 356. This dielectric layer is applied as a 
liquid, dried and hardened in all areas except via openings 
360 by exposing the dielectric through a mask With colli 
mated UV light. In one embodiment, dielectric layer 358 is a 
loW modulus, high elongation dielectric material. Details of 
processing and formulations of loW modulus high elongation 
dielectrics are provided in Us. Pat. No. 6,426,545 B1, Which 
is hereby incorporated herein in its entirety. A commercially 
available loW modulus high elongation photo-patternable 
dielectric is SINR 3170 available from Shin-Etsu MicroSi of 
Phoenix, AriZ. Alternatively, other photo -pattemable and non 
photo-patternable in situ formed dielectrics such as epoxy or 
BCB may be used. In addition, a fully cured material such as 
kapton polyimide may be adhesively bonded in place to form 
the dielectric layer. In cases Where the material is not photo 
pattemable, the openings can be formed by laser ablation or 
by reactive ion etching. Both techniques are Well knoWn and 
suitable parameters for the polymer dielectrics described 
above are discussed in Us. Pat. No. 5,250,843, Which is 
hereby incorporated herein by reference in its entirety. 
[0064] Next a seed layer of copper is sputtered over the 
dielectric and into the openings to make connection to the 
metal layer beloW and other conductive structures beloW 
(such as the exemplary through conductor, Faraday shields, 
thermal slugs, etc.), as Well as to chip pads that Were not 
connected to When the ?rst layer of metal Was applied. In one 
embodiment, the actual sputtering operation includes provid 
ing a very thin adhesion layer of titanium. Sputtering is Well 
knoWn in the art. The thickness of titanium may be 200 
angstroms, folloWed by 4000 angstroms of copper. A resist 
layer is coated over the sputtered copper. The resist is then 
exposed and developed. Resist materials With excellent 
aspect ratio are Well knoWn in the art. The resist is patterned 
With openings Where the copper interconnect runs are desired. 
The copper is then electroplated to a thickness required by 
subsequent processing steps. A thickness of 6 to 12 microns 
may be used. The resist is removed by methods Well knoWn in 
the art, dependent on Whether a positive or negative resist is 
used. The sputtered copper and titanium is removed by etch 
ing the copper in ammonium persulfate and etching the tita 
nium in 5% TFT etchant in DI Water. TFT Etchant is available 
from Transene Co. of Danvers, Mass.Additional interconnect 
layers can be patterned by repeating the steps of applying 
dielectric, patterning openings in the dielectric, sputtering 
copper, applying photo resist, patterning the resist, electro 
plating the copper and stripping the resist and etching the 
sputtered seed layer. 
[0065] FIG. 3K shoWs a cross-section vieW of one embodi 
ment of a resultant structure, With a ?rst level dielectric layer 
358 and a second level metal layer 362 having been added. 
Note that connection can be made from second level metal 
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layer 362 to both the ?rst level metalliZation 356 and also to 
one or more pads 354 of the chip. In cases Where it is desired, 
a via hole 364 in the ?rst level dielectric layer 358 may be 
positioned over an individual chip pad 354 of a chip 332, and 
interconnect made from the second metal layer 3 62 directly to 
the pad of the chip though the via. This is essentially as done 
in prior art structures and gives the option of directly contact 
ing chip pads from tWo levels of metalliZation. Such a struc 
ture for example Would aid in crossover in complex layouts. 

Single Layer Fan-Out Structures: 

[0066] One especially signi?cant case is in the area of chip 
fan-out Where only a single metalliZation layer is required. 
Fan-out refers to the process Where interconnection from chip 
pads leads to I/O connections, some of Which are outside the 
perimeter of the chip. For a single metal layer, fan-out pattern 
metalliZation makes connection to the chip pads on one end 
and forms conductors for solder bumps on the other end. 
FIGS. 4A-4B illustrate several steps in fabricating a single 
layer fan-out structure, in accordance With an aspect of the 
present invention. FIG. 4A is a top plan vieW shoWing a single 
level metalliZation pattern connecting chip (330, 332) pads 
354 to input/ output pads 402 disposed over structural material 
336. After metalliZation is applied and patterned as described 
above, a solder mask 404 can be applied and patterned to 
provide openings Where the solder bumps are to be formed. 
Solder bumps 406 are then formed (for example) by applying 
solder paste and re?oWing the paste in a solder re?oW oven. 
Application of solder paste and re?oW are Well knoWn in the 
art for fabrication of solder bumps on Wafer level packaging 
and chip scale packages. FIG. 4B illustrates an electronic 
module With a single layer of metal 356, a solder mask 404 
and bumps 406. Note that no dielectric layer application or 
patterning step Was required in the process, eliminating the 
cost and yield loss of those processing steps. This compares 
favorably to a prior art single metal layer module, such as 
shoWn in FIG. 1 or 2, Wherein a ?rst dielectric With vias to 
individual chip pads lies betWeen the metalliZation and the 
chip. 

Singulation of Panel: 

[0067] Although shoWn as only tWo chips, the concepts 
disclosed herein can be employed to advantageously fabricate 
a panel including a large number of chips so that economy of 
scale may be achieved. Processing may be completed by 
singulation of the panel of modules into individual modules. 
If a temporary process carrier is used, then the individual 
modules may be singulated by dicing part Way into the pro 
cess carrier from the module side of the assembly and then 
removing the process carrier leaving the singulated modules, 
as illustrated in FIGS. 5A-5C. Fully automated equipment 
typically used for singulating Wafers may be used to accom 
plish this operation. This process is knoWn as Dice Before 
Grind (DBG). 
[0068] TWo process ?oWs are shoWn in FIGS. 5A-5C & 
FIGS. 6A-6C. FIGS. 5A-5C illustrate the process How for 
singulation of chips 330, 332 if the process carrier includes 
both a temporary process carrier 342 and a permanent carrier 
346. FIGS. 6A-6C illustrate the process How if the process 
carrier is a temporary process carrier 342' only. First a dia 
mond saW or laser cuts partWay into the panel deep enough to 
cut into the process carrier 346, 342 (or 342') or at least the 
process carrier adhesive 348, 344 (or 348'). This is shoWn in 
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FIGS. 5A & 6A. The partially cut panel is attached at its upper 
surface to soft protective tape (not shoWn), Where the soft tape 
accommodates the thickness of the I/O bumps on the module. 
Next, the process carrier is ground until the proper thickness 
is achieved. In the case Where a permanent process carrier/ 
substrate has been bonded to the temporary process carrier, 
the grinding stops after the temporary process carrier has 
been removed, or until the permanent process carrier has 
reached the desired thickness. This is shoWn in FIGS. 5B and 
5C, Wherein separate electronic modules 510, 520 are pro 
duced. In the case Where this ?ller is thicker than the chips, the 
grinding stops When the ?ller/encapsulant has been reached 
or When the desired thickness of the module has been 
achieved. This is shoWn by the electronic module 610 illus 
trated in FIG. 6B. Finally grinding may proceed until the 
backs of the chips are reached in Which case the backs of the 
chips as Well as any through connects Will be exposed, as 
shoWn by electronic module 620 in FIG. 6C. This option is of 
bene?t in stacked systems Where minimum thickness is desir 
able. In each case, the next step is to laminate a tape to the 
back of the modules and then peel aWay the protective tape 
(not shoWn). At this point, the individual singulated modules 
may be picked and placed by conventional pick and place 
equipment intended to pick Wafer Level CSP modules. Disco 
of Tokyo, Japan and others sell complete turnkey systems for 
the DBG process including dicing, protective taping, grind 
ing, back side taping and removal of the protective tape. 
[0069] It should be noted that the novel structure of a chips 
?rst module fabricated on a process carrier affords a unique 
approach to singulation of modules from a panel. As men 
tioned above the process carrier maintains precision align 
ment of chips in the face of shrinkage and Warping of the 
?ller/encapsulant. In addition, a unique singulation technique 
is enabled. The steps for this process may be understood by 
again referring to FIGS. 5A-5C and FIGS. 6A-6C. First the 
panel is partially cut as is shoWn in FIGS. 5A and 6A. Next a 
laser is focused through the glass process carrier onto the 
adhesive that attaches either the process carrier to one of the 
permanent process carrier (substrate), the ?ller/encapsulant 
or the exposed surface of the chips and through connects. The 
laser energy vaporiZes a small portion of the adhesive and this 
separates the individual modules from the temporary glass 
process carrier. In one embodiment, the individual parts may 
be dropped directly into Waffle packs and be ready for pick 
and place or other assembly operations such as test or burn-in. 
If quartZ glass is used as the temporary process carrier, then a 
UV laser may be used since the quartz is not absorbing at UV 
Wavelengths. If ordinary glass is used, visible or IR light is 
most advantageously used. In each case, the adhesive should 
be absorbing at the laser Wavelength so that it is readily 
vaporiZed by the processing. The residual adhesive may be 
left on the module or removed by laser ablation or plasma 
etching. 

Variations on Process: 

[0070] If the ?ller/encapsulant used has a loW modulus high 
elongation characteristic, then the bumps in the fan-out struc 
ture that are not directly over the chips Will be stress relieved 
by the loW modulus of the ?ller/encapsulant. This tends to 
relieve stress due to thermal expansion betWeen the module 
and the circuit board to Which it Will be ultimately attached. 
This gives a stress relieving effect Without any additional 
stress relief layers. As an exemplary ?ller/encapsulant, a sili 
cone such as 96-083 available from Dow Coming of Midland, 








